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Improvements in or relating to Cells for the Storage and 
Recovery of Electrical Energy 



We, Siemens Aktiengesellschaft, a 
German Company, of Berlin and Munich, 
Germany and Varta Aktiengesellschaft, 
a German Company, of Frankfurt-on-Main, 
Germany, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 
ment : — 

This invention relates to a hydrogen-oxy- 
gen cell for die storage and recovery of elec- 
trical energy. 

It is known from U.S. Patent Specifica- 
tion No. 3,201,282 that the gases, i.e. hydro- 
gen and oxygen formed in the electrolysis of 
water can be electrolytically evolved and 
stored with the aid of so-called "valve elec- 
trodes". These "valve electrodes" comprise 
a coarse-pored, operating layer, at which elec- 
trolytic evolution of gas takes place, and a 
fine-pored covering layer interposed between 
the coarse-pored, operating layer and the 
electrolyte. The electrolyte is advantageously 
KOH in hydrogen-oxygen fuel cells. Materials 
suitable as components of the fine-pored cover- 
ing layer are electrically conductive materials 
which have a high overvoltage for the gas 
to be evolved by electrolysis for example, cop- 
per is well suited as a covering layer material 
in hydrogen valve electrodes. Using these valve 
electrodes, the gases evolved in electrolysis 
can be compressed to super-atmospheric pres- 
sures of several atmospheres gauge relative to 
the electrolyte which is under atmospheric 
pressure. 

As the coarse-pored operating layer, there 
is advantageously employed in hydrogen valve 
electrodes, the so-called Double-Skeleton 
Catalyst material, abbreviated hereinafter to 
DSK material, which material comprises a 
skeleton of nickel derived from nickel carbonyl 
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in which Raney nickel is incorporated. A 
noteworthy feature of such hydrogen valve 
electrodes is that they are suitable both for 
the electrolytic evolution and subsequent dis- 
solution, of hydrogen, that is to say, they may 
be employed in cells in which both electroly- 
sis and subsequent recombination of the gases 
formed by the electrolysis are carried out. 

In theory, val?ve electrodes can also be em- 
ployed as oxygen electrodes in storage cells; 
however, difficulties arise in the choice of 
material for the operating layer because the 
optimum properties for electro-chemical 
evolution and subsequent dissolution of oxy- 
gen are not present in combination in one 
material. Thus, for example, Raney nickel 
is very suitable as a catalyst for the elec- 
trolytic evolution of oxygen because of its 
low polarisation, but it is not equaEy suit- 
able for the subsequent dissolution of oxy- 
gen. As is known, the electrochemical pro- 
duction of oxygen is much better catalysed by 
silver than by nickel. 

In order to combine the advantages of 
nickel and silver in an electrode of oxyhydro- 
gen fuel cells, it has been proposed in German 
Patent Specification 1^200,903 to employ 
Raney Nickel and Raney silver in combina- 
tion in the form of DSK material in the 
oxygen electrode. One disadvantage of such 
an electrode, however, is that, despite the 
■low oxygen overvoltage at the nickel, silver 
is dissolved in the alkaline electrolyte during 
the evolution of oxygen; thus, the useful life 
of the oxygen electrode is considerably re- 
duced. Reference is also directed to our co- 
pending Application No. 54188/66 (Serial 
No. 1144237), which discloses a hydrogen- 
oxygen electrochemical cell comprising a 
hydrogen electrode operable on both sides 
and. two oxygen electrodes disposed one on 
each side of the hydrogen electrode, one oxy- 
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gen electrode, being nickel and oper^bjeas 
In anode and the other being silver and oper- 
able as an oxygen cathode. . 
An object ^ the present jnvem.on .s . 0 
5 provide cells having improved output densitj 
aXbeing less expensive relative to eas ing 
cells suitable for storage and recovery of elec- 

^AccoS" to the present invention there 
10 is ?rovTded S a cell for the storage and recovery 
of electrical energy, utilising oxygen hyd o- 
een and an electrolyte as reactants, whicn 
f mpSs a hydrogen'valve electrode, an oxy- 
gen diffusion electrode for dissolution of oxy- 
15 S and an ion-permeable electrode, at which 
dectrolytic evolution of oxygen occurs, inter- 
posed between the oxygen diffusion electrode 
and the hydrogen valve electrode. 

Advantageously, the electrolyte is potassium 

20 hy Ar£- ion-permeable electrode at which 
evolution of oxygen occurs accordl "^ 0 r 3 
present invention, a metal gauze ; or perforated 
• metal sheet, the surface of which has been 
25 activated by appropriate pretreatment may be 
employed. The pretreatment may be ^ car- 
ried out, for example, by spraying on^c .the 
surface, with the aid of a plasma ,e > powder 
• consisting of an alummiu^-n.ckel igf «J 
30 thereafter dissolving out of the mckel a|»oy 
the aluminium with KQH, In one embodiment 
of the present invention the metal gauze or 
perforated metal sheet is comprised solely 
of nickel. It is essential to prevent closure 
35 of the apertures in the gauze or in the per- 
forated metal sheet; if closure of the aper- 
tures occurs ion transport through the elec- 
trode is suppressed. The size and number 
of apertures Is preferably chosen so that the 
40 resistance of the electrode during the recom- 
bination of the stored gases to form electri- 
cal energy, in which the electrode constitutes 
to some extent a diaphragm, remains low. The 
surface of the metal gauze or perforated metal 
45 sheet may be activated by the application 

thereon of Raney nickel. 

- The ion permeable electrode can also com- 
prise a skeleton or gauze of a plastics material 
the surface of which has been activated by the 
50 application thereon of Raney nickel. ^ . 
H In accordance with a particularly preferred 
embodiment of the present mention, there 
is employed as the ion-permeable electrode 
a waffle metal sheet having apertures ^herein; 
55 such an electrode readHy ensures not only the 
pasLgt of the ions, but also the circulation 
SrB electrolyte perpendicularly thereto , and 
the maimainence of the necessary jpacmg be- 
tween the hydrogen valve electrode and the 
60 oxygne diffusion electrode. 

A metal gauze or network can be pro- 
vided on both sides of the ion-permeable elec- 
trode m support adjacent electrode covering 

65 k Sie case of metallic covering layers, these 



gauzes or networks must be of aWe«Pjf 
of preventing short circuiting and must con- 
sist of insulating matcnal, for example a 

plastics material. . * „ 

There is advantageously employed as sup- 
port for the catalyst of the oxygen dissolu- 

KOH, advantageously mckel, but gauzes . or 
skeletons consisting of a plastics material, 
eg PVC or polyamides, are also suitabe 

g in the cell according to the present ^in- 
vention, there is employed as the hydrogen 
valve electrode and the gas diffusion electrode 
one of the known electrodes suitable for the 

TaScE with one embodiment of 
the present invention the coarse-pored I opcrat- 
ine layer of the hydrogen valve electrode 
comprises Raney nickel. The fine-pored, cover- 
ine layer can comprise an electrically non- 
condSe material or an electrically con- 
ductive material, for example copper, the 
hydrogen overvoltage of which is such that 
no appreciable electrolytic evolution of hydro- 
gen can take place. The covering layer m 
employed merely to prevent the separat on 
of hydrogen and to render possible the adjust- 
ment of the three-phase boundary. . 

The operating layer of the gas diffusion 
electrode for the dissolution of oxygen can 
consist of Raney silver. In order that the 
three-phase boundary necessary for me 
generation of energy may be establtfhed *he 
oxygen dissolution electrode can also .con- 
°fct of a double-layer electrode, m which case 
the fine-pored covering layer can cons^ e.thw 
of a metal or of a non-conductor. The use 
of asbestos paper has proved particularly ad- 

VB Fof "better understanding of the invention 
and to show how the same may be jcarried 
into effect, reference will now be made, by 
wav of example, to the accompanying draw- 
SSwhichFigures 1 2,3 and 4 show dm- 
grammatically four embodiments of a cell m 
accordance with the present invention. 

Figure 1 illustrates * cell according to ^the 
present invention comprising the three > de- 
codes arranged in accordance with the in- 
vention. A hydrogen valve elecuode 1 is 
composed of a coarse-pored °P er ^ * yf * 
4 and a fine-pored covering layer 5, and a 
gas diffusion electrode 2 for the ^lution 
of oxygen is composed of an operating layer 
6 and 6t * covering layer 7. The ion-perfficabk 
electrode 3 at which oxygen is evolved can 
cS either of a nickel gauze or of a 
pSafed nickel sheet. Advantageous ly, the 
surface of the electrode 3 is activated by 
the appHcat™n thereon of a layer, of .Raney 
nicke?3a. A hydrogen gas space * 
by 8 and an oxygen gas space for the e lee 
trodes 1 and 2 by 9. The oxygen is supplied 
ro me gas space \ through theduot 10, and 
the oxygen evolved m the electrolysis is car 
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ried away together with the electrolyte through 
the duct 12. The hydrogen is supplied and 
led away through the duot 11 and the elec- 
trolyte is fed into the cell through the pipe 
5 13. . 

There arc denoted by 14 and 15 in Figure 
1 supporting gauzes which, in the case of an 
electrically-conductive covering layer 5, for 
example copper, consist of a plastics material. 
10 The gauzes 14 and 15 arc desirably incor- 
porated into the cell when covering layers 
of low mechanical stability, for example 
asbestos paper, are employed. 

If, instead of compact, for example pressed, 
15 operating layers, layers of pulverous material, 
for example Raney nickel powder, are em- 
ployed in the electrodes, the covering layers 
are supported "by fine and coarse gauzes 
(16, 17) consisting of metal or a plastics 
20 material, in which case the coarse gauzes 
simultaneously ensure the maintenance of the 
gas spaces in the assembly of cells. 

The operation of a storage battery consist- 
ing of cells according to the present invention 
25 will be illustrated with reference to Figure 2. 
In Figure 2 the hydrogen valve electrodes 
are denoted by 20, the oxygen diffusion elec- 
trodes by 21 and the ion-permeable elec- 
trodes at which evolution of oxygen takes 
30 place by 22. As in Figure 1, the electrodes 
20 and 21 consist in each instance of an 
operating layer and of a covering layer. There 
are denoted by 23 and 24 hydrogen and oxy- 
gen gas spaces respectively, which in this case 
35 are associated in each instance with two like 
electrodes in common. Such an arrangement 
is particularly suitable if the cells are to be 
electrically connected in parallel. 

If the cells of the battery are to be elec- 
40 trically connected in series, the gauzes em- 
ployed as the supporting skeleton in the gas 
space (23 and 24) must consist of insulating 
material. The cells can also be electrically 
connected an series by combining a hydrogen 
45 valve electrode with an oxygen diffusion elec- 
trode and subdividing the common gas space 
into two spaces by means of a metal sheet 
or a gas-tight plate. When metal sheets are 
employed to subdivide the gas space they can, 
50 in combination with the supporting metal 
gauzes, establish electrical contact, so that 
bipolar electrodes according to Figure 3 are 
formed. 

In this figure, the bipolar electrode consist- 
55 ing of the diffusion electrode 45, of the hydro- 
gen valve electrode 46 and of the two gas 
spaces 47 and 48 is denoted by 4£. The gas 
spaces 47 and 48 are separated from one an- 
other by the metal sheet 50 and contain the 
60 supporting metal gauzes 51 and 52. There 
is denoted by 53 an ion-permeable electrode 
similar to that of Figure 1, and by 54 a 
bipolar electrode in which the oxygen diffu- 
sion electrode is denoted by 55 and iche 
65 hydrogen valve electrode 56, 



In Figure 2, the pressure plates which 
hold the cells together with the aid of tie rods, 
are denoted by 25 and 26. 

The electrolyte passes through the valve 27 
into the duot 28 and is periodically or con- 70 
tinuously circulates* by the pump 29. The 
hydrogen formed in electrolysis passes out of 
the gas space 23 of the hydrogen valve elec- 
trode 20 through the duct 30 into the pres- 
sure container 31; the oxygen simultaneously 75 
evolved at the oxygen electrode 22 passes in 
association with the electrolyte into the gas 
separator 32 and passes from there through 
the duct 33 into the pressure container 34. 
The gas space 24 of the oxygen diffusion 8Q- 
electrode 21 communicates with the container 
36 through the duct 35, the said container be- 
ing in turn connected- to the container 31 
through the sealing liquid 37. In the storage 
of the gases, the valves 38, 39 and 40 are 85. 
closed and ithe valve 41 is open. As the hydro- 
gen pressure rises in the container 31, the air 
or oxygen in the container 36 as compressed 
to the same extent by the sealing liquid, so 
that the gas spaces of the hydrogen valve 90 
electrodes and oxygen diffusion electrodes 
are always under approximately equal pres- 
sure. This pressure is compared with the pres- 
sure in the electrolyte space 32 by means 
of the differential manometer 42. It must in 95. 
each instance be higher than the pressure 
in the electrolyte space by 0.2 to 1 atmos- 
phere gauge in the case of most electrodes. 
If the pressure difference deviates from the 
aforesaid values in one direction or the other, 10.0 
the valve 38 or 39 is briefly opened by means 
of a regulating device until the desired value 
has been restored. The pressures in the con- 
tainers 31 and 36 are compared by means 
of the differential manometer 43. When an 105 
excess pressure occurs in the container 31 
because the float valve 44 closes the connect- 
ing duct, the valve 38 is automatically opened. 
The float valve 44 is intended to prevent 
hydrogen from passing from the container 31 110 
into the container 36, which would happen, 
for example, if ithe sealing, liquid were insuffi- 
cient to compress the oxygen to the desired 
pressure in the container 36. 

When it is desired to employ the insfcalla- 115 
tion described above for recovery of electri- 
cal energy, the valve 41 is closed and the 
valve 40 opened. The pressure of oxygen col- 
lected in the oxygen pressure container 34 
is thereby made equal to the pressure of the 120 
hydrogen in the container 31. In addition, 
the pressure difference set up, on consump- 
tion of the gases, between the gas. spaces 34, 
36 and 31 on the one side and the electrolyte 
space 32 on the other side is regulated by 125 
the differential manometer 42. 

The operation of gas diffusion and valve 
electrodes is determined by the pressure dif- 
ference between the gas and electrolyte spaces. 
Where the electrolyte space, is under atmos- 130 
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oheric pressure, the storage of the gases has 
hiSc T been possible only up to an absolute 
nlSsutc of4 atmospheres when two vave 

5 electrode, had been employed. However ^ wnen 
the arrangement according to the present in 
vention Which comprises one '<»n-permeable 
Electrode in the electrolyte space is employee!, 
SSTdS £• spaces and fcMg «g 

10 are under increasing pressure during rfec 
ffolytic operation, the necessary pressure thf 

ference between the ^^"on^jS, 
trolvte space being maintained. Cony 6 ""' 5 

IS the pressure in the gas spaces graauany 

untif le gases are completely consumed, the 
pressure in the dectrolyte. also falling a a 
result of valve control, while the n««sary 
difference in relation to the g£ *P* C «' 

20 aeain maintained. Therefore, a furt her . n °". 

the eases may be stored up to substannany 
higher absolute pressures than those men- 
tioned above, while, in contrast to normal 
25 Sure electrolysis, the same ^ W 
25 fto effects the recombination of the gases 
and Sequential supply of e ectrica energy 
PJmire 4 illustrates an electrical circuit 
arrangement for the cell illustrated in Figure 
an 1 In fieure, 57 denotes the oxygen anode, 
30 58 me^xygen cathode and 59. the hydrogen 
rtte Jfaonde When the switch is in the 
P^tionSotd by B the storage «11 operates 
STan electrolytic cell, when the switch is in 
35 the position A it acts as a fuel cell. 



Ll™ recovery of 

Sffle metal sheet having apertures therein. 



7 A fuel cell as claimed in Claims 1 to 6, 65 
wh«ein a metal gauze is provided on both 
sldS of the ion-permeable electrode to sup- 
port adjacent electrode covering a^rs . 

R A fuel cell as claimed m Claims 1 to o, 
wherein a or network of insulating 70 

material Is provided on the ion-permeable 
Sode £ support adjacent electrode cover- 

'"^T^ll as claimed in Claims 1 to 8, 
wheiein the hydrogen valve egode ha ^ a 75 
coarse-pored operating layer which c° ffl P" ses 
Raney nickel, and a fine-pored 1 covering layer. 

10 A cell as claimed in Claims 1 to 9, 
whe?ein A the operating .layer of J*&« d.f- 
fusion electrode comprises ; Raney sliver 

11 A cell as c aimed m Claims l to iu, 
whemht ^ covering, layer of the gas ^^diffu- 
sion electrode comprises a metal or a non 

^ifTcell as claimed in Claim 11, wherein 85 
the non-conductor is asbestos. recoverv 
13. A battery for the storage and recovery 
of electrical energy, which comprises a com- 
bination of cells as claimed ir . Claims 1 to 
12 wherein two ad acent hydrogen valve elec w 
wtks are combined to form a composite 
hydmgen valve electrode active on both sides, 
wherein two adjacent oxygen diffusion elec- 
trodes are combined to form a composite oxy 
gen diffusion electrode active on both! ides v» 
fnd wherein the cells are electrically connec- 

te H n K«ery as claimed in Claim 13, 
wherein the composite electrodes i are electnc- 
ally insulated from each other and are elec 
trically connected in series. T „ r „ V erv 
15 A battery for the storage and recovery 
of electrical energy, which , co mpnses » com- 
Kination of cells as claimed in Claims i w 
Swhereln one hydrogen valve • fe^ode and 105 
one oxveen diffus on electrode of adjacent ceiis 
elecSy connected in series are combined 
S I composite bipolar etecoode, and 
wherein the gas spaces of *e estrones tn 
formed are separated by. a metal sheet 

1/t A batterv as claimed m Claim o, 
whlrek the meTal sheet establishes eleomcal 
S Combination with the supporting 

mC # Hmrage battery which comprises a 115 
combination of cells as cteimed «Cta»l 
^ 12 wherein two hydrogen vaiye «i£ 
uodes and wo oxygen" diffusion electrodes 
of adjacetk, electrically senes-connKKd ceUs 
^ combined in each instance to form elec- m 

sm-f container, connected to the gas spaceof 
the hydrogen valve electrode, for the : storage 
«f rhe hydrogen communicates througn a 
stltag Iiqmdltith a pressure container con- 
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nected to the gas space of die oxygen diffu- 
sion electrode, and the former pressure con- 
tainer 'is connected to the pressure container 
for the oxygen storage on change over from 
electrolysis to fuel cell operation, and in that 
the connection of the last-mentioned con- 
tainer to the gas separator of the oxygen 
separation electrode is then interrupted. 

19. A cell as claimed in Claim 1, substan- 
tially as hereinbefore described -with refer- 
ence to the accompanying drawings. 

20. A battery as claimed in Claim 13, 15 



or 17, substantially as hereinbefore described 
with reference to the accompanying drawings. 

21. A method according to Claim 18 of 
operating a battery substantially as herein- 
before described with reference to the accom- 
panying drawings. 

HASELTINE, LAKE & CO., 
Chartered Patent Agents, 
28 Southampton Buildings, Chancery Lane, 
London, W.C.2. 
Agents for the Applicants. 
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